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(54) Calibration technique 

(57) An operational parameter of a first element is 
based on information about a second element, where 
the information is received by a means external to the 
first element, and where the information defines at least 
how one characteristic of the second element changes 
as a function of at least one variable parameter. For ex- 
ample, in an illustrative embodiment, an adjustment is 
made to the output power of an output stage of a radio 
transmitter (21) based on information about a transmit 



filter (41) located in the signal path between the output 
stage and an antenna (51 ) where the information is re- 
ceived from a remote memory (411), and where the in- 
formation defines how the transfer function of the trans- 
mit filter varies as a function of temperature. Advanta- 
geously, whenever the transmit filter (41) is replaced 
and/or whenever there is a change in the temperature 
such that the transfer function of the transmit filter (41 ) 
would also change, the output stage is able to use the 
information to adjust its own output power. 
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Description 

Background of the Invention 

[0001] The present invention relates to the calibration 5 
of components in a multi-component system. 
[0002] Various components of multi-component sys- 
tems may require calibration from time to time. For ex- 
ample, in a wireless base station the output power level 
of a radio frequency (RF) output stage may need to be 
adjusted as a function of the characteristics of a transmit 
amplifier and/or transmit filter interposed between the 
output stage and the antenna. As long as the operating 
parameters of the overall transmit chain remain static, 
no further adjustments are typically necessary. Howev- 
er, various parameters may change over time. These 
may include environmental parameters such as temper- 
ature and/or operational parameters such as the fre- 
quency of the wireless channel. Such changes may ne- 
cessitate adjustment of, for example, the output power 
level necessary to achieve the desired RF power level 
at the antenna. 

[0003] Such adjustments can be made manually, tak- 
ing the expected worse case into account. Disadvanta- 
geous^, however, this will typically mean that, at least 
at some points in time, the transmit power level will be 
higher or lower than what it should be since repeated 
deployment of a craftsperson to make continual adjust- 
ments is impractical. A more sophisticated approach is 
to provide a closed-loop, feedback path wherein the 
transmit power level is monitored at the antenna and a 
control signal indicative of that level is fed back to the 
output stage. The latter, in response, can then adjust its 
output level until such time as the desired transmit pow- 
er level at the antenna is achieved. This approach works 
very well. However, it can be quite expensive and/or 
complex to implement, particularly if a high degree of 
accuracy is required. Moreover, the components used 
in the feedback loop, such as couplers that would be 
used to tap off a portion of the transmit energy for use 
in the feedback loop, may themselves be subject to the 
types of variations (e.g. environmental and operational 
variations) mentioned above, giving rise to inaccuracies 
in the feedback loop. And while those issues can also 
be addressed through various known calibration tech- 
niques, yet additional equipment expense and/or com- 
plexity may result. 

[0004] Another option is to employ elements which 
are self-adjusting, but those too are expensive. Or, one 
might think to employ elements whose characteristics 
vary predictably, if at all, with changes in environmental 
and/or operational parameters so that such changes 
can be anticipated and compensated for reliably. Not on- 
ly do such devices tend to be more complex and expen- 
sive, but this approach, in order to be effective over the 
long term, would require that if the device ever needs to 
be replaced then either the replacement device would 
have to be assured to have the same characteristics as 



the original — something that may not be possible — or 
that the system then be recalibrated which adds to the 
cost of maintaining the system. 
[0005] Calibration issues may also arise vis-a-vis the 
base station receiver. For example, the receiver needs 
to calculate, for various purposes, the power level of an 
RF signal that appears at the receive antenna. The ac- 
curacy of that calculation, after an initial calibration, may 
be negatively affected by various environmental and/or 
operational parameter changes affecting elements 
(such as couplers and filters) interposed between the 
antenna and the receiver. However, the above-noted 
drawbacks of the various prior art solutions outlined 
above once again apply. 

Summary of the Invention 

[0006] The limitations of the various prior art ap- 
proaches are overcome in accordance with the present 
invention by adjusting an operational parameter (e.g., 
the power) of a first element (e.g. the output stage) 
based on information about a second element (e.g., the 
transmit filter) received from means external to the first 
element. In preferred embodiments, in particular, the in- 
formation is data carried along with the element itself as 
a single installable piece part. The data, more particu- 
larly, is information defining at least how one character- 
istic of the second element changes as a function of at 
least one variable parameter. For example, that charac- 
teristic might be the way in which the attenuation of the 
transmit filter varies with frequency, i.e., its transfer func- 
tion, or temperature. Thus, whenever the second ele- 
ment is replaced and/or whenever there is a change in 
an operating or environmental parameter of the system 
such that the specific manner in which the second ele- 
ment operates would also change, the first element is 
able to use the information received in order to adjust 
its own operational parameter appropriately. 

Brief Description of the Drawing 

[0007] FIG. 1 is a block diagram of a wireless base 
station in which the invention is illustratively implement- 
ed. 

Detailed Description 

[0008] The wireless base station of FIG. 1 includes a 
controller 1 0 which interfaces with a T1 line 8 connecting 
the base station to the public switched telephone net- 
work. Controller 10 controls a plurality of wireless trans- 
mitter/receivers, or radios, 20, each of which operates 
in a particular wireless channel comprising a transmit 
band and a receive band. The RF outputs of the trans- 
mitters 21 of each of the radios 20 are combined on lead 
28 and applied to a high-power transmit amplifier 31 
whose output, in turn, is bandpass filtered by transmit 
filter 41 and thereupon applied to transmit antenna 51. 
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[0009] Incoming signals are received by a pair of re- 
ceive antennas 52 and 53. two antennas being used to 
provide so-called diversity gain. Antennas 52 and 53 
feed their signals to receiver filters 42 and 43, respec- 
tively. The outputs of filters 42 and 43 are amplified by s 
low-noise receive amplifiers 32 and 33, respectively. 
The output of amplifier 32 on lead 34 is applied to re- 
ceiver 22 of each radio 20, and the output of amplifier 
33 on lead 35 is applied to receiver 23 of each radio 20. 
[0010] Each radio 20 includes a processor 24 which io 
controls the operation of its transmitter 21 and receivers 
22 and 23 and various other elements (not shown). One 
aspect of that control is to set the various output power 
levels that transmitter 21 may be called upon to produce 
at various points in its operation, in well known fashion, is 
The output power levels of transmitter 21 are typically 
adjusted when, for example, the base station was ini- 
tially installed or during a scheduled maintenance ses- 
sion thereafter. The adjustment is such as to ensure that 
the signal caused to appear at antenna 51 by transmitter 20 
21 and the intervening elements has a precisely deter- 
mined signal strength at the transmitter's operating 
transmitter frequency. 

[0011] Things can change, however. For example, the 
channel, and thus the transmit frequency, at which a ra- 2s 
dio operates can be changed. This may result in a 
change in the signal strength of the antenna signal be- 
cause an element such as transmit filter 41 may provide 
a slightly different attenuation at the new frequency. In 
order to account for such a change, processor 24 has 30 
available to it in a memory 26 current information defin- 
ing how, in this example, the attenuation of transmit filter 
41 varies with the frequency, that is, its transfer function. 
Thus whenever the operating frequency of transmitter 
21 is changed, processor 24 is able to use that informa- 35 
tion to cause the output power of transmitter 21 to be 
changed in such a way as to ensure that the signal at 
antenna 51 has the desired signal strength. 
[0012] In accordance with the invention, the informa- 
tion in memory 26 about the characteristics of transmit <*o 
filter 41 was received by radio 20 and loaded into mem- 
ory 26 from means external to the radio. In preferred 
embodiments, in particular, the information about the 
transfer function of transmit filter 41 comprises data 
stored in a memory 411 that is carried along with trans- 45 
mit filter 41 itself as a single installable piece part. Thus, 
whenever an element such as transmit filter 41 is re- 
placed and/or whenever there is a change in a variable 
parameter of the system (e.g. the transmit frequency) 
such that the specific manner in which another element so 
operates would also change (e.g. a change in the output 
power level of transmitter 21 ), then the output power lev- 
el is adjusted based on information received from 
means external to transmitter 21 (e.g. through proces- 
sor 1 1 , bus 60 and remote memory 411). ss 
[0013] To illustrate, when transmit filter 41 is replaced 
with a new filter, processor 1 1 of controller 1 0, which pe- 
riodically polls the remote memories connected to it 
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through bus 60, retrieves the information from the re- 
mote memory of the replacement, stores the information 
in its local memory 12, and sends the information to ra- 
dio 20 through bus 61. The information is then stored in 
memory 26 by processor 24 which is operable to use 
that stored information to adjust the output power of 
transmitter 21 as described above. 
[0014] Things can also change in the path of the re- 
ceived signal. For example, a change in the frequency 
of the signal received at antenna 52 and 53 may cause 
processor 24 to miscalculate the power level of the RF 
signal received at antennas 52 and 53 because ele- 
ments such as receiver filters 42 and 43 may provide a 
slightly different attenuation at the new frequency. In or- 
der to account for such a change, processor 24 has 
available to it in memory 26 current information defining 
how, in this example, the attenuation of receiver filters 
42 and 43 change with frequency, that is, their transfer 
functions. As a result, whenever the frequency of the 
received signal is changed, processor 24 is able to use 
the information stored in memory 26 to adjust its calcu- 
lation of the received-signal power level, thus enabling 
processor 24 to accurately determine, for example, the 
distance the signal traveled before it reached the base 
station, or the location of the transmitter. The method of 
making such calculations based on the received signal 
strength is well known in the art. 
[001 5] In accordance with the principles of the present 
invention, as described above, the information stored in 
memory 26 was received by means external to radio 20. 
And, in preferred embodiments, the information about 
the transfer function of receiver filters 42 and 43 com- 
prises data, stored in remote memories 421 and 431, 
respectively, that is carried along with receiver filters 42 
and 43 themselves as a single piece part. Thus, when- 
ever an element such as receiver filter 42 and/or 43 is 
replaced or whenever there is a change in a variable 
parameter (e.g. the frequency of the received signal) 
such that the specific manner in which the receiver filters 
42 and/or 43 operate would also change (e.g. a change 
in the transfer function), then the operation of another 
element (e.g. processor 24's calculation of the signal 
power received at antennas 52 and 53) is adjusted 
based on the information received from means external 
to processor 24 (e.g. processor 11 , bus 60 and remote 
memories 421 and/or 431). 

[0016] In preferred embodiments, remote memories 
411, 421 and 431 are memories selected from the Add 
Only Memory family of Erasable-Programmable-Read- 
Only-Memories (EPROM's) provided by Dallas Semi- 
conductor. Such a memory, in accordance with the 
present invention, can be, for example, combined and/ 
or attached to the element for which it contains informa- 
tion so that the combination is a single piece-part, or 
such a memory can be, for example, provided as a sep- 
arate piece-part. 

[0017] For clarity of explanation, the embodiment of 
the present invention shown in FIG. 1 and described 
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above is merely illustrative. Thus, for example, it will be 
appreciated by those skilled in the art that the block di- 
agram shown and described herein represents a con- 
ceptual view of illustrative circuitry embodying the prin- 
ciples of the invention. The functions of the various el- 
ements shown in FIG. 1 could be implemented by one 
or more programmed processors, digital signal process- 
ing (DSP) chips, or the like rather than individual hard- 
ware elements. Similarly, the elements (e.g. transmit fil- 
ter 41 , receiver filters 42 and 43, and transmit amplifier 
31 ) connected between radio 20 and antennas 52 -53 
are merely illustrative of the types of second elements 
that the information received through an external means 
to a first element (e.g. radio 20) : in accordance with the 
present invention, defines how one characteristic of the 
second element changes as a function of at least one 
variable parameter (e.g. frequency and temperature). 
Moreover, remote memories 411 , 421 and 431 , and bus 
60 are merely illustrative of the external means for pro- 
viding the information about the second element to the 
first element in accordance with the principles of the 
present invention. 

[0018] In the claims hereof any element expressed as 
a means for performing a specified function is intended 
to encompass any way of performing that function in- 
cluding, for example, a) a combination of circuit ele- 
ments which performs that function or b) software in any 
form (including, therefore, firmware, microcode or the 
like) combined with appropriate circuitry for executing 
the software to perform the function. The invention de- 
fined by such claims resides in the fact that the function- 
alities provided by the various recited means are com- 
bined and brought together in the manner in which the 
claims call for. Applicant thus regards any means which 
can provide those functionalities as equivalent as those 
shown herein. 

[0019] It will be appreciated by those skilled in the art 
that they will be able to devise various arrangements 
which, though not explicitly shown or described herein, 
embody the principles of the present invention and thus 
are within its scope. 



Claims 

1 . A method comprising the step of adjusting an oper- 
ational parameter of a first element based on infor- 
mation about a second element received from 
means external to the first element, said information 
defining at least how one characteristic of the sec- 
ond element changes as a function of at least one 
variable parameter. 



tenna, said information defining how the transfer 
function of said transmit filter varies as a function of 
a variable parameter. 

s 3. The method of claim 2 wherein said variable param- 
eter is a parameter select from the group compris- 
ing operational parameters and environmental pa- 
rameters. 

10 4. The method of claim 3 wherein said operational pa- 
rameters include frequency and power level. 

5. The method of claim 3 wherein said environmental 
parameters include temperature and humidity. 

15 

6. The method of claim 5 wherein said external means 
comprises a remote memory containing said infor- 
mation. 

20 7. The method of any of claims 1 to 5 wherein said 
external means comprises a processor coupled to 
a remote memory having said information stored 
therein. 

25 8. The method of claim 7 wherein said remote memory 
is combined with said second element as a single 
piece part. 

9. The method of claim 7 wherein said remote memory 
30 is a separate piece part from said second element. 

10. The method of any of claims 6 to 9 wherein said 
remote memory is an Erasable-Programmable- 
Read-Only-Memory (EPROM). 

35 

11. The method of claim 10 wherein said EPROM is an 
Add Only Memory. 



12. An apparatus comprising: 

40 

a first element; and 

means arranged to carry out a method as 
claimed in any of the preceding claims for ad- 
justing an operational parameter of said first el- 
45 ement. 



2. The method of claim 1 wherein said first element is 
an output stage of a radio, said operational param- 55 
eter is output power from said output stage, said 
second element is a transmit filter positioned in a 
signal path between said output stage and an an- 
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